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The size of the lymphocyte repertoire is of great interest, but direct information has been elusive.
Moon et al. (2007) report the enumeration and isolation of naive CD4+ T cells and show their numbers
could predict the size and diversity of the primary immune response.One of the most remarkable things
about what could be termed the ‘‘cen-
tral dogma’’ of the adaptive immune
system, clonal selection, is that the con-
cept was formulated many years before
it was even known what cells made
antibodies (Kindt and Capra, 1984).
Similarly, notions about the complexity
of the antigen-receptor repertoires on
which clonal selection must draw
have far outstripped our technological
means to measure and truly understand
them. (Here, I will use the term ‘‘reper-
toire’’ to refer to the entire pool of anti-
gen-receptor-bearing lymphocytes and
‘‘ligand-specific repertoire’’ to denote
those T or B cells that are capable of
responding to a given peptide:MHC
(major histocompatibility complex) or
antigen, respectively).
In this issue of Immunity, Moon et al.
(2007) make an important break-
through in the analysis of both ligand-
specific and overall ab T cell reper-
toires, devising a method that not only
measures the frequency of the naive T
cell pool for a given peptide:MHC com-
plex but also allows for the physical
isolation of those cells. The essence
of the method (as shown in Figure 1)
is that all the T cells from the spleen
and lymph nodes of a mouse are first
labeled with peptide:MHC tetramers
in which the streptaviden backbone
has been labeled with phycoerythrin
(PE), and then the specifically labeled
T cells are captured by anti-PE coated
magnetic beads. They are then re-
leased from the beads and further ana-
lyzed by fluorescence-activated cell
sorting. By using three different pep-
tides in complex with I-Ab, Moon et al.
find that they can isolate approximately
20 to 200 T cells depending on theligand employed from individual mice,
and that these exhibit diverse Vbs.
They also find that the T cell response
to immunization is proportional to the
Figure 1. The Isolation of Very Rare
Populations of CD4+ T Cells Specific for
a Given Peptide MHC
This figure schematizes the approach used by
Moon et al. (2007) to isolate T cells as rare as 3
in 107 CD4+ T cells from individual mice. Ini-
tially, lymphocytes from the spleen and lymph
nodes of a mouse are pooled and stained
with a given peptide—I-Au tetramer—in which
PE is coupled to the streptaviden moiety of
the tetramer. T cells bound by the tetramer
were then exposed to anti-PE-coated mag-
netic beads. This produces a substantial en-
richment of the tetramer-positive T cells,
enabling them to be analyzed by fluores-
cence-activated cell sorting.Immunityprecursor population, involving an am-
plification of about 300-fold by day 6.
With respect to the number of T cells
in the naive ab T cell repertoire, the
frequencies found here are in the 1 in
105–106 range, suggesting a ligand-
specific repertoire of approximately
one million specificities. In terms of
previous work, these T cell frequencies
are lower by one to two orders of mag-
nitude than are other estimates. Some
of this discrepancy is almost certainly
due to the less-direct nature of these
earlier studies, in which the naive rep-
ertoire could only be estimated from
the number of RNA molecules with
a signature CDR3 sequence for a given
specificity (McHeyzer-Williams and
Davis, 1995; Casrouge et al., 2000).
Another approach was the ‘‘seeding
in’’ of transgenic T cells (Jenkins
et al., 2001), but this has the problem
of unknowns concerning the attrition
and distribution of such cells and the
potential competition for antigen. But
one important limitation of the method-
ology used here is that it is now es-
tablished in both human and murine
systems (Novak et al., 1999, Mallet-
Designe et al., 2003) that not all class
II MHC restricted-T cells bind well to
specific tetramers. Furthermore, even
T cell specificities that can be identified
by tetramer staining are likely to be
the higher-affinity representatives of a
broader population of T cells. How
large that population might be is not
known, nor is it clear how well low-
affinity T cells fare in competition with
their higher-affinity colleagues in an
immune response. Clearly most
‘‘model’’ antigen-specific T cells from
mice stain well with tetramers, but
some do not. There is also probably27, August 2007 ª2007 Elsevier Inc. 179
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robust responsiveness in the model
systems. In the case of CD8+ T cells
specific for pathogens, most bind well
to tetrameric reagents, but for class II
MHC responses, clearly some do not
(Novak et al., 1999). Thus, the numbers
obtained here are likely to be underes-
timates, but by how much is not clear. It
is also important to point out that the
study discussed here did not investi-
gate the numerous ab T cells (107)
found in the gut, and it would be inter-
esting to know whether the ab cells
found in that compartment exhibit
a similar or distinct repertoire.
This work also speaks to the size of
the overall ab T cell repertoire in that
the authors note a diversity of Vbs in
their ligand-specific populations. This
indicates that there is considerable
T cell receptor (TCR) diversity in these
pools of T cells, consistent with calcu-
lations of the potential ab TCR diver-
sity of 1015 (Davis and Bjorkman
1988) and with the work of Bousso
et al. (1998) showing that individual
mice of the same strain nonethelessCD8+ T Cell Diffe
Choosing a Path
Sara E. Hamilton1 and Stephen C. Ja
1Center for Immunology and Department o
Minneapolis, MN 55454, USA
*Correspondence: james024@umn.edu
DOI 10.1016/j.immuni.2007.08.003
Activated CD8+ T cells can differe
issue of Immunity, Joshi et al. (2
regulating the expression of the t
The adaptive immune response against
pathogens has twin goals: to provide
functional effector cells that augment
and extend innate immune protection,
and to establish immune memory, ca-
pable of mounting a quicker and more
robust response to the same pathogen
when encountered long into the future.
The achievement of these distinct ob-
180 Immunity 27, August 2007 ª2007 Elsexpressed different TCR sequences.
It would be interesting to know whether
humans, with their much larger number
of T cells, have more cells devoted to
a given specificity or perhaps have a
larger number of specificities. It is
also intriguing to wonder why the li-
gand-specific T cell repertoire for ab
T cells in mice (106–107 seems like
a reasonable compromise figure with-
out trying to account for crossreactiv-
ity) is so nearly identical to that found
for the B cell repertoire for mice in the
pioneering studies of Klinman and
colleagues (Cancro et al., 1978).
The beauty of the approach devel-
oped by Moon et al. lies not only in
the technically superiority of this
method for counting T cells of a given
specificity, but also in the fact that
one could have the T cells of interest
‘‘in hand,’’ allowing all sorts of manipu-
lations and analyses (of TCR diversity,
for example) that will be invaluable for
future studies. It will also move our dis-
cussions of T cell repertoires from the
realm of speculation and philosophy
to much more solid terrain.rentiation:
through T-bet
meson1,*
f Laboratory Medicine and Pathology, Unive
ntiate into transient effector cells o
007) suggest that inflammatory c
ranscription factor T-bet.
jectives requires the differential main-
tenance of stimulated lymphocytes:
Effector cells are needed in vast num-
bers but for a short time, whereas the
raison d’eˆtre of the antigen-reactive
memory pool is that it should be long-
lived yet low frequency (to maintain
immune diversity). How and when is
this balancing act regulated?
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show that the expression of the natural
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be used even earlier in the immune
